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Foraging behavior of Trigona fulviventris in a
Costa Rican Cloud Forest
Tracy Noel Rogers
Department of Biology, Northeastern University, Boston, Massachusetts

____________________________________________________
ABSTRACT
Two colonies of Trigona fulviventris were studied in Monteverde, Costa Rica in AprilMay, 2003. Foraging patterns were analyzed within the nest and between nests. Nest
EBM showed no significant foraging change from morning to afternoon and no
proportional foraging difference over the course of the study. On the other hand, nest
DM showed significant change morning vs. afternoon as well as a clear proportional
change along the duration of observations (p < 0.0001). There was also a difference in
behavior between both nests (p = 0.004) which leads to the speculation that the timing of
brood production of these two nests are not equal even though they are located in the
same region and studied over the same time span.

RESUMEN
Dos colonias de Trigona fulviventris fueron estudiadas en Monteverde, Costa Rica en
Abril-Mayo, 2003. Modelos de buscando se analizaron dentro del cada nido y entre
nidos. El nido EBM mostró no significativo cambio de busca de la mañana a la tarde y
no diferencia proporcional sobre el curso del estudio (chi-square = 4.16; p = 0.13). Por
otro lado, el nido DM mostró cambia significativa en la mañana vs. la tarde así como un
cambio proporcional claro por la duración de observaciones (chi-square = 18.9; p <
0.0001). Había también, una diferencia en la conducta entre ambos nidos (chi-square =
11.24; p = 0.004) que lleva a la especulación que el momento de la producción de la cría
de estos dos nidos no es igual aunque ellos son localizados en la misma región y el
mismo espacio del tiempo.

INTRODUCTION
Trigona (Apidae: Meliponinae) are an abundant pantropical genus of eusocial stingless
bees that live in colony sizes ranging from 300 to 800,000. They are regarded as the
most important pollinators of the Hymenopterans (Proctor et al. 1996). Although prior
studies have only been conducted in the lowland tropics due to their large distribution in

low elevations, this subfamily of bees can be found over a broad elevational gradient
(Lobo 2000). Many Meliponininae are found in Monteverde but their natural history at
this high elevation site has not been studied until now.
Constant changes in temperature and persistent cloud cover account for the rarity
of Hymenopterans at high elevations (Lobo 2000). Temperature and precipitation
influence foraging by eusocial bees in the tropics (Hanson and Gould 1995). The
Trigona located in the Monteverde cloud forest may be limited by these factors. Prior
study of another species in the subfamily Meliponinae (Plebia pugnax) showed that its
flight activity was directly related to the amount of sunlight (Hilario et al 2001). Trigona
may have limited foraging hours per day due to these abiotic conditions not encountered
by those in the lowland tropics. This study focuses on the foraging behavior of these
bees for the first time in Monteverde. Research on Trigona in montane cloud forests is
interesting because foraging in the cool, cloudy conditions is likely to influence foraging
behavior more so than sites at lower elevations.
Trigona are known to forage for food and nest construction material.
Meliponines are known to use nectar, pollen, and fungus for nutritional purposes
(Roubik 1989). They construct their nests out of sap, resin, fecal matter, carrion and
other resources (Roubik 1989). These bees will either carry materials back to the nest in
their crop or on their corbiculae. The crop is a long tube that is the equivalent of the
throat in mammals. Liquid material is sucked up and carried to the nest where it is
regurgitated for the brood (Roubik 1989). The corbiculae are hairless concave areas on
the hind tibiae (Roubik 1989). Pollen is harvested from the flower, rolled and packed
into balls with nectar or honey and placed on the corbiculae (Roubik 1989).
This study focused on corbicular load foraging on pollen, fungus and resin/sap.
Pollen is used for brood provisioning in many bee species. It contains many essential
nutrients including 7% to 65% protein, up to 20 amino acids 1-10% fats, 1-7% starches,
almost no sugar and many vitamins (Roubik 1989, Barth 1991). Pollen accounts for a
large portion of their diet accounting for their importance as pollinators in the tropics.
Also contributing to their importance as phytophagus foragers, is the fact that foraging
adults bring back large volumes of flower products that are either fed immediately to the
larvae or stored for later use (Hanson and Gould 1995, Proctor et al. 1996).
Alternative food sources must be collected because pollen is not abundant year
round. Bees are known to forage on fungal spores as a substitution for food when pollen
is scarce. Trigona bees have been previously observed collecting fungal spores and
carrying them on the corbiculae (Burr et al. 1996). This deliberate rolling and storing of
fungal spores indicates that the fungal loads are being eaten by the colony. Previous
studies have shown that bees, in lieu of pollen may collect rust fungi spores, mildew and
Neurospora (Burr et al. 1996). Several species of Trigona have also been observed
harvesting spores from the stinkhorn fungus, Dictyophora (Roubik 1989). These spores
might serve as adequate nutrition based on data that Apis (Apidae) shows a high
frequency of fungal collection as a food source (Burr et al. 1996).

Nest construction material and protection is just as vital to the survival of the
colony as food is (Roubik 1996). Resin, for example is used to cover the entrance to the
nest and provides a defense for the entire colony (Armbruster 1984). It is harvested like
pollen, with their mouth, and then it is rolled into balls, transferred to the corbiculae and
carried to the nest (Armbruster 1984). Plant resins are solely used in nest construction
and function as a waterproofing agent (Armbruster 1984, Gilliam et al 1985). Prior
research shows that resin has never been used as a food source for the colony due to its
non-nutritive and sometimes toxic properties (Armbruster 1984). Resin is used for the
brood not as a food source but for protection. Larvae develop in storage pots constructed
from secreted wax and plant resin (Gilliam et al 1985). When stingless bees are
collecting resin the majority of individuals tend not to collect other materials
(Armbruster 1984).
This supports the idea that resin is a restricted resource and that it is necessary for
the colony’s survival for individuals to collect it simultaneously. There may be upwards
of several hundred species of tropical plants that offer resin as a floral reward to
pollinating bees (Armbruster 1984). Members of the subfamily Meliponinae collect resin
from Bursera (Burseraceae), Bombacopsis (Bombacaceae), Calophyllum and Clusia
(Clusiaceae), all of which are located in the Monteverde Cloud Forest (Armbruster 1984,
Haber et al. 2000).
Lowland tropical studies show repeated peaks of morning pollen foraging activity
by eusocial bees and nectar foraging occurs later in the day (Roubik 1989). While my
study only focuses on corbicular load foraging activity, the peak of pollen foraging may
be similar to those peaks in the lowland habitats. My hypothesis is that the pollen
foraging will decrease in both nests due to prior studies in lowland forests.
This study specifically addresses the following questions: (1) what resources are
the bees foraging on, in particular what do the corbicular loads consist of?; (2) is there a
variation in foraging behavior in the morning and afternoon of each nest and if so what
was influencing the change?; (3) do the two nests different in activity overall?; (4) does
foraging behavior change during the misty to wet season transition?

METHODS
Collection Techniques and Study Sites
Two Trigona nests were studied over a three-week period in Monteverde, Costa Rica,
during the transition from misty season to wet season (April-May). One nest was located
at the Estación Biológica Monteverde (EBM) and the other at the Don Miguel
Restaurante (DM) in Santa Elena, Costa Rica. These nests were separated by a few
kilometers. Bees were collected at 1000 h and 1600 h on alternate days. A hand held
aspirator was used to sample the first 30 bees that arrived at the nest during collection
times. They were placed in glass collection vials with no more than four bees per vial to
avoid aggressive interactions. They were then cooled using ice or a freezer for an

average of two minutes to slow down body movement and examined.
Laboratory Investigation
After cooling, the bees were examined under a dissecting scope and manipulated with
soft forceps to minimize injury to the bees. The material being carried into the nest on
the corbiculae was noted and categorized as pollen, resin/sap or fungus. Pollen granules
were identified as such when compared with pollen picture guides. Sap and resin
appeared as brown sticky globules and the hyphae of the fungus were identified from
picture guides as well. Resin and sap were categorized into one group. Even though
there was a variation in morphology they were similar in texture. Sap-like material was
analyzed with a refractometer, which measures sucrose content, to ensure that it was not
nectar. After laboratory analysis, the bees were released upon wakening near the nest
entrance.
Statistical Analysis
Chi-squared values from a 2x2 contingency table were calculated to interpret whether
there was a difference in resource foraging in the morning or the afternoon and if there
was a difference in daily foraging between the two nests. Day by day proportional
foraging behavior was also analyzed with a contingency table for both colonies.

RESULTS
Laboratory Investigation
What resources were the bees foraging on, in particular what did the corbicular
loads consist of?
The loads that the bees brought in were clear and easily identifiable. Multiple
morphospecies of pollen were observed usually yellow or white in color. Resin and sap
were brown and transparent. The resin was sticky and stringy as well. Fungal spores
were not witnessed being brought to the nest until the last three days of sampling. When
they were brought in they were white and purple in color. The hyphae were clearly
visible in the corbicular load.
Statistical Analysis
Is there a variation in foraging behavior in the morning and afternoon of each
nest and if so what was influencing the change?
Morning and afternoon data were analyzed for the EBM and DM nests. A X2 test was
used to analyze the frequency of pollen, resin/sap and fungal corbicular loads of both
nests in the morning and afternoon. The EBM nest showed no significant difference in
foraging behavior (Figure 1) However, the DM colony’s foraging activity was
statistically varied throughout the day (Figure 2). Pollen was disproportionately
collected in the morning and the resin/sap foraging was disproportionate in the

afternoon.
Do the two nests different in activity overall?
Totals of foragers from each nest were analyzed with a separate X2 test. Analysis from
the expected values shows that the nests foraged disproportionately on pollen and fungus
(Figure 3).
Does foraging behavior change during the misty to wet season transition?
Figure 4 shows the proportion of foragers at the EBM nest over five collection days.
This nest does not show a significant change in foraging activity. There is mild
fluctuation of pollen and resin/sap foragers but the behavior is consistent.
Foragers at the DM nest show a clear fluctuation from pollen foraging to resin
foraging during the study (Figure 5). Fungal loads show an increasing trend as well.
Note near equivalent numbers of fungus and pollen foragers on day six.

DISCUSSION
Environmental changes can alter resource availability and food for many insects.
Foragers within a colony need to adjust their patterns continuously in order to keep a
constant flow of nutrition and protection resources (Biesmeijer and Emers 1999).
Resources of food are constantly in flux but are especially so during a transition in
season.
This study showed mixed results when the resource foraging patterns of the two
nests were examined. The corbicular loads of both nests consisted of pollen, sap/resin
and fungus. The EBM nest showed no significant difference in foraging activity
throughout the day but the DM nest did. The DM nest had more foragers collecting
pollen in the morning and sap/resin in the afternoon than statistically expected. When
both nests were compared to one another, the two nests foraged disproportionately on
pollen and fungus while resin/sap did not contribute to the statistical difference.
Daily trends were tested between nests during the transition of seasons. The EBM
nest showed no fluctuation of foraging behavior whereas there is a clear push towards
resin foraging at the DM nest by the end of the study.
Both colonies showed greater than a 50% decrease in pollen foraging in the
afternoon when fungus collection began. Resource partitioning may be correlated with
the pollen resource availability (Eltz et al. 2001). This foraging behavior might be the
result of a decrease in pollen abundance. Several lowland studies have shown pollen
foraging to drop in the afternoon due to the decreasing resources over the course of the
day (Roubik 1989). Both nests exhibit this drop in activity showing that they may have
exhausted the pollen availability as observed in previous studies.
Although there were not many individuals collecting fungus, the few that did
select it to forage on makes it interesting to examine. Eltz et al. observed fungus
foraging in lieu of pollen collection. While fungus has a lower protein content than
pollen, it may be foraged on simply because of its abundance (Eltz et al. 2002). It has

been speculated that increased spore collection was due to the high availability of fungus
and decreasing availability of flowers (Eltz et al. 2002). March, April and May are the
peak tree flowering months in Monteverde (Haber et al. 2000). The bees may be
sensitive to this and might be scouting out other provisions while pollen availability
ceases for the season. Observations of fungus foragers did not occur until the final
collection of data, which accounts for the small sample size. Had the study gone longer
into the wet season fungal loads may have increased due to the increased abundance of
fungus this time of year.
Another resource used by these bees was plant resin, which has been shown to act
as a waterproofing agent. The misty season may create more moisture on the nest, which
accounts for the consistency of resin foraging. It might also be due to the upcoming
rainy season, that resin foraging was more consistent during my study.
Future studies could fill in these seasonal information gaps. The EBM nest was
located in a large tree with branches hanging over the entrance to the nest acting as a
shelter. There were also many epiphytes and hemiepiphytes on the tree that may have
been protecting the nest from the rains. Furthermore, rainfall was never seen hitting the
nest opening. At present, resin use may be low, but the consistency of foraging for this
resource may be an indication that the colony is preparing for wetter conditions. In
preparation for this, Meliponinae bees are known to hoard resin stores for future nest
construction needs (Armbruster 1984).
On the other hand, the DM nest was exposed to falling rain. The tree did not have
many branches or other growth forms to break the rainfall. The tree was also located at
the edge of an asphalt driveway. The rain tended to spray the nest as it hit the ground,
which might require more nest protection from the water. Resin collection statistically
increased in the afternoon. This might be a trend showing that foragers were making up
for a disproportionate resin foraging in the morning.
Overall, the two nests differed in their foraging activity. EBM foraged more on
pollen than the other resources. It is possible that this colony currently has a brood or an
upcoming brood that it needs to feed and the DM nest does not. Reproductive cycles and
brood rearing are determined by pollen abundance for brood production and general
flower availability in the environment. The colony is also affected by floral and weather
changes (Roubik 1989). Alterations in their foraging activity might be the result of the
change in temperature and precipitation. Seasonal variation in biotic conditions has a
wide ranging influence on plant phenology (Haber 2000) and there for will affect those
insects who forage on them.
I recommend that for future studies this experiment be conducted in the heart of
the dry as well as the wet season. This will help establish a clear seasonal variation if
one exists and also allow for the seasonal transition hypotheses to be tested. More
replicates including numbers of nests as well as numbers of individuals would prove
useful. A future study could involve a joint project on timing of foraging patterns and
species identification of resources collected. If the timing of brood production was

mapped out for several of these nests, it would help to determine why the colony is
focusing its foraging efforts on a particular resource. Trigona studies in Monteverde is
limited and a continued study, such as this one, could add needed information regarding
their natural history in high elevation sites.
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Figure 1. Morning and afternoon resources collected by
Foragers returning to the EBM nest collection frequencies
Of each resource in the morning did not change significantly
In the afternoon Chi-squared = 4.16; p = 0.13, df = 2.
_________________________________________________

_________________________________
Figure 3. Forager frequency comparison
between EBM and DM nests. Chi-squared
11.24; p = 0.004; df = 2.
____________________________________

___________________________________________________________

Figure 2. Nest DM morning and afternoon resource collection
By foragers. Chi-squared = 18.9; p < 0.0001; df = 2.
___________________________________________________________

Collection Days
_____________________________________________________________________________

Figure 4. Proportion of daily foragers at the EBM nest over five sampling times.
_____________________________________________________________________________

______________________________________________________________________________________

Figure 5. Proportion of daily foragers at the DM nest over six sampling times. Chi-square
= 38.459; p < 0.0001; df = 10.
______________________________________________________________________________________

